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Abstract
Window blinds are a common feature in households and are adjusted multiple times each
day by homeowners. This document provides a solution to saving time and energy costs to
homeowners who must adjust their blinds manually by creating an autonomous blinds control
system that provides the optimal sunlight into the home as expected for the time of the day and
year. The human error of leaving the blinds shut during the cold winter months and leaving them
open during the warm summer months will become a thing of the past with the implementation
of these automated blinds. The automated blinds control system (A.B.C.) focuses on sunlight
data entering the window and recording the inside and outside temperatures. The system makes
decisions from the input data and adjusts the vertical and horizontal state of the blind slats to
ensure proper energy savings of the room. The design incorporates a user-friendly webpage for
customization and control from anywhere with an internet connection. Manual override will still
be present to ensure operation of the system in the event of no available internet access. This
project results in a cost-effective product that modernizes the home, creates energy cost savings,
and is hands-free for homeowners. -DB, ML
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1.0 Problem Statement
1.1 Need
A lot of power is expended in order to heat and cool homes and other buildings.
Windows are a typical feature in the average building and about 30% of the energy used to heat a
home is lost through windows. During winter seasons, sunlight falling on windows can also
provide up to 76% of its energy as heat, reducing heating costs. During the summer season,
blocking out light can reduce heat entering the building through windows, reducing cooling
costs. It is estimated by the Office of Energy Efficiency and Renewable Energy that 75% of
residential window coverings are left in the same position each day. Currently, window
coverings are automated, but the homeowner still needs to control these with a remote. A system
to automate and control window blinds based off light coming in and temperature desired is
needed to save energy costs. – DB, TK, ML, DN
1.2 Objective
The objective of this project would be to design and prototype an automated, light and
temperature sensing window blinds system. The device would detect temperature, both inside
and outside, and incoming sunlight to determine proper window blind position for maximum
energy savings. Including functionality for this device to be controllable from a user’s cell phone
will enable a user to change the automatic settings if they want to override the blinds for any
reason. – DB, TK, ML, DN
1.3 Background
The Automated Blind Control, or A.B.C., is a system that would fully automate and
control a window blind to allow for sunlight to enter a room when needed and shut out warm sun
rays when not desired. By creating a user-friendly platform, a profile can be created of when to
open and close the window blinds allowing for an automated system that keeps the temperature
of the room at the desired level. This project will improve on existing technologies that
accomplish a similar goal. The A.B.C. system will also incorporate an integrated battery backup
system that can be charged as the system operates, allowing for the system to remain running,
7

even with the temporary loss of main power. Remote control abilities as well as automatic modes
will be available through either a phone application or online website. -TK, DB
The light sensors would detect sunlight intensity, in the range that includes infrared and
UV light, to determine the optimal angle of blind openings such that the desired amount of light
enters through the blinds. The positioning of these light sensors needs to be determined such that
they detect the incoming light properly (The Sunlight Beam Index [4]). The blinds will automate
this process of opening and closing based on the amount of light unless overridden by user
control. In addition to this, the light sensors will not react to ambient light from electric sources
such as car headlights and streetlights. - ML
The use of a temperature sensor in our A.B.C system has been previously used in other
systems but is useful in the fact that it can be used to sense the temperature in the room and
outside. We will be using one to measure inside temperature and then will be getting the outside
temperature from a Weather API on the internet. The temperature sensor can detect the
temperature and relay that information to the controller of the system. The controller would then
decide to open the blinds or close them depending on the temperature and what is relayed from
the light sensor. The automatic sensing of the light and the temperature would allow for more
energy efficient blinds and help the house stay warm or cool depending on the desired
temperature. - DN
In order to allow for the A.B.C. system to be accessed from anywhere, an application will
be created in order to give users access from any remote device directly to the blind system.
Some of the current products on the market are controlled via a remote controller which limits
the control to only when a user is close to the blinds and has access to the remote (US
2012/0193035 A1). Using an application instead of a remote control greatly reduces the
hardware cost of the product and allows smart technology to go into the homes of ordinary
people (Customary Homes to Smart Homes using Internet of Things and Mobile Application
[6]). Currently the different ways of communication from a smart home system to a device are
GSM, Bluetooth, or using a microcontroller with a communication module (A Comparative
Analysis on Smart Home System to Control, Monitor and Secure Home[1]). Each method has its

8

benefits and disadvantages. Making use of the communication methods and picking the best
method for the A.B.C system will depend on trial and error. - DN
The motors used will be low power to supply only the torque necessary to adjust the blind
openings as well as move the blinds up and down as desired. Utilizing low-power motors will
keep the power needs cheap as well as require little energy to keep the blinds operating over the
course of each day. Ideally, the motors will only draw power when needed for adjusting the
blinds so that power for the motors is only drained when the system is making its adjustments. ML
For ease of installation and implementation with the common household, the system will
obtain its main supply of power from a wall outlet using an AC-DC wall wart plug-in. This
accessory allows for a typical 120V, 60 Hz connection from the system to the house and
establishes a system rail voltage of 12V DC that can be stepped down and utilized with the
essential sensors, motors and controllers. In case of a power outage where the home loses power,
it is desired that the system still be able to operate for some duration of time until the normal
source of power is restored. To ensure this, energy storage in a battery system is necessary. Solar
power was investigated as a potential option but would require significant cost and a more
complex system overall, due to the variations in solar irradiance that occur daily. This would
likely cause the system to not be independent as a long-term solution (Cooperation and Storage
Tradeoffs in Power Grids with Renewable Energy Resources [5]). Battery backup can still be
utilized through an uninterruptable power supply (UPS) which charges while main power is
provided to the system and is used to power the system the moment main power is no longer
present. Battery protection will ensure that the UPS remains undamaged and reliable. Due to the
desire for efficiency and cost-effectiveness, cheap and efficient battery systems and power
devices will be used to maximize storage life (Feasibility Analysis of Different Energy Storage
Systems for Solar Road Lighting Systems [2]). - ML
The end goal of the designed A.B.C system is to incorporate the theory behind all the
products mentioned before and create a one-of-a-kind, fully assembled system. The focus will be
on energy saving costs and ease of user interfacing. The cohesion of monitoring indoor and
outdoor temperature along with UV light intensity will provide the system with the most accurate
9

information to provide the highest energy savings costs for the homeowner. An easily accessible
user platform will be incorporated, and all desired system variables will have fully customizable
capabilities. The A.B.C will be an affordable product for all homeowners, providing ease of
control and constant savings with the use of green energy. - DB, ML
Initial research of the project revealed that a similar project was conducted in 2017 by a
group of engineering students at the California Polytechnic State University (LIGHT SENSING
AUTOMATED BLINDS [3]). Their design was realized by utilizing an Arduino microcontroller
that controlled a DC motor. Their system was wall powered and opened and closed the blinds
based upon the light intensity of inside and outside the room. No remote-controlled abilities were
present in this design. - TK, DB
Further research yielded several patents that directly related to the problem at hand. US
Patent 2012/0193035 A1 is for a “MOTORIZED BLIND CONTROL DEVICES, METHODS
OF USE THEREOF” that was created August 2, 2012. The patent describes a motorized window
blind that is controlled from a remote device. The window blind system uses a single axis motor
that lifts and drops the window covering. The window covering is a single drape style blind that
is not slotted. It does not allow for partial light emission when the blinds are down. A light
sensor and a temperature sensor send a signal to the motor to open and close based upon defined
thresholds. - TK
A second patent, US Patent 7,417,397 B2 is for a “AUTOMATED SHADE CONTROL
METHOD AND SYSTEM” that was created August 26, 2008. The automated shade control
system utilizes temperature and light sensor data to calculate a desired blind covering angle. It
also includes solar radiometers to measure total solar radiation as well as local area daylight. The
system has capabilities for manual remote override. A fixed blind system was used, and the
motor control only controlled the angle of the blind opening. The blinds do not move, roll, or
slide off the window surface. - TK
There are a few different companies today that offer similar products to the problem at
hand. MySmartBlinds by tilt is the closest comparable product which offers window blind
coverings, both in a roller style as well as slat style, with remote control operations.
Alternatively, they also offer a conversion kit to allow for normal manual adjusting blinds to be
10

automated. This portion is just describing what the other companies offer, so I think it can stay
(DB). An additional solar panel kit can be purchased to allow for the blinds system to be
powered from solar technology as a backup for wall outlet power failure. MySmartBlinds has a
phone app that allows users to open and close the window blinds remotely. - TK, DB
The current technologies for the types of problems we intend on providing a solution to
contain some limitations. One problem with similar items in the market today is the purchase and
assembly required of several components to achieve the final, automatic system. A system may
only contain means of using outlet power and a remote control. This takes up outlet space as well
as provides the possibility of losing or breaking the remote, disabling the automation factor
completely and adding the need to purchase additional remote controls. - TK, DB, ML
Other systems contain a form of battery power as the source. These power sources would
need replacing or recharging at some point. The addition of solar panels for battery recharging is
available, but at an additional purchase and installation fees. Depending on the homeowner, this
may also require additional contracted labor costs. This also means that the systems are not all
inclusive and need to be modified in order to achieve the desired result. - ML
Current systems like MySmartBlinds do have a phone app but only allow interaction with
the blinds system when within Bluetooth™ range. There is no web-based application that can be
accessed remotely and directly to the blinds. On the project done by CPS University (LIGHT
SENSING AUTOMATED BLINDS [3]), there is no remote-control feature at all. The system
runs autonomously, and blinds cannot be manually opened or closed. -TK
The A.B.C system will be similar to these current technologies in several ways. The
A.B.C will utilize light and temperature data acquired from sensors and the internet to determine
the optimal amount of light filtering through the blinds, automatically adjusting to accommodate
for changes in the direction of light. It will incorporate low power motors to control the position
and angle of the blinds. Users will additionally have remote access to the system from a web
page. The primary differences, however, occur with the improvements upon the already existing
designs. The A.B.C. system will be all inclusive, requiring no additional purchases or
installations to obtain extra features. This includes being independent of a smart home system.
In the event of a main power supply failure, such as during a power outage, the A.B.C system
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will contain a battery back-up system that transitions directly to main power with the usage of a
uninterruptible power supply system. This ensures the system can be always operational whether
the rest of the house has power or not. Stored energy can even alternatively be used to power
other blinds in a network or other devices. -DB, ML
The ability to remotely control the blinds will deviate from current remote-based designs
by implementation of a user application via a web page to control the blinds system directly from
any location, without any additional features. This allows for users to adjust their blinds
throughout the day without requiring proximity to the system or a remote-control device. A user
would be able to login to any computer and adjust the variables of the A.B.C. accordingly, as
well as view the current positioning and sensor data from this remote location. - DB, TK, ML

1.4 Marketing Requirements (DB, TK, ML, DN)
1. User can have hands free control of the blinds.
2. Blinds control is accessible from anywhere with internet connection.
3. Blinds system is adaptive for seasonal and daylight changes to provide home energy cost
savings.
4. User has the ability for personalized control over blinds system.
5. System stores light and temperature data and keeps record of blind activity.

2.0 Engineering Analysis
2.1 Circuits (ML)
The primary circuitry involved with the A.B.C. system is a microcontroller connected
with two motor drivers, each operating a separate motor, a power system coming from a standard
US 120V AC outlet, with battery backup, and wired connections to necessary sensor hardware
for measuring light and temperature. All components will be hardwired for both communication
paths and for powering.
The overall system will have power provided from a standard US 120V AC outlet, as
these are available in any typical building or household that the system would be installed in. A
battery backup system will also be present, in the event of a power outage, so that the system can
continue to function for a limited time until outlet power is restored. Since batteries are a DC
12

supply, however, in order for the system to run from a sole type of current, AC or DC, the AC
input from the outlet must be converted to a DC power supply.
The choice to convert the AC input power from the outlet to DC appears to be a more
logical option than converting DC battery power to an AC supply, since the system will also
need to step the 120V AC supply down to a much lower voltage, and any power adapter circuits
can be external from the system if necessary, so both stepping down the voltage and converting
the source to DC power at the same time was analyzed further.
The essential components to manage the input power from the outlet source are a
transformer and a rectifier circuit. Essentially, the transformer will step down the voltage from
120V AC to the desired voltage level using the ratio between coils on the two sides of the
transformer with the equation
N1/N2 = V1/V2,

(1)

where N1 and N2 are the coil ratios and V1 and V2 are the input voltage and output voltage
respectively. Once the voltage has been dropped by the transformer to a voltage that is desired, a
rectifier circuit can be used to convert it to a DC voltage. There are both half wave and full wave
rectifiers for converting AC to DC which both utilize diodes to eliminate the negative portion of
the AC input. A full wave rectifier is slightly more complex than a half wave rectifier, but it also
provides positive voltage the entire time, rather than only during the positive voltage cycles from
the AC input voltage like the half wave rectifier. Finally, placing a capacitor at the output
smooths out the voltage for powering the circuit at a DC level with a voltage ripple based on the
capacitor value, but this is mostly constant and steady, with only a slight ripple.
A regulator is also needed as the last part of this circuit for providing power to the ABC
system from the standard wall outlet. The regulator stabilizes the input voltage to ensure that it is
the desired value for the microcontroller and other components to the ABC system. This is
important to ensuring that the system does not receive too much power, which could damage or
destroy the system.
In the event of a power outage, the battery backup will come into effect as mentioned
previously. In order for this to occur without any halt in the system operation, an uninterruptible
power supply (UPS) can be used. The UPS uses a transfer switch to quickly move from the main
power supply to the battery power supply as necessary. If an interrupt occurs, the switch will
activate, allowing the battery to begin powering the ABC system. While not running from battery
13

power, the supply may also be used to charge the batteries, allowing the UPS to not require the
user to change the batteries after the event of a power outage or similar event that would lead to
the use of the battery backup. The UPS requires battery cell protection circuitry to ensure that the
batteries are neither overcharged nor over-discharged at any given time. Many batteries can be
severely damaged if over-discharged, or in the event of overcharging, could even catch fire.
Discharging batteries too quickly can also cause permanent damage to battery cells. In order to
protect against this, a battery protection integrated circuit (IC) can be used. A battery protection
IC can be connected to the battery cells to be charged along with two MOSFETs which will
switch on and off in order to stop charging or discharging of the battery cells when the cells are
at risk of an overcharging or over-discharging. Battery protection ICs can be matched to the
desired maximum cell voltage such that it properly switches the MOSFETs on and off at the
correct overvoltage and undervoltage thresholds of the chosen cell. The MOSFETs are selected
based on the chosen battery protection ICs recommendations. This circuit is then placed in the
UPS to ensure that the batteries stop charging once they achieve the threshold voltage, even
while the system continues to draw power from the main power supply. Additionally, extended
use of the backup system will not damage the battery, as they will stop supplying power when
they reach the critical undervoltage threshold.
In order to have a useful battery backup system, the selection of battery to use for the
battery backup was investigated. The battery selected must have a high energy density and low
self-discharge rate. It is also advantageous to have a lightweight and small sized battery that can
be easily placed inside the blind housing, and multiple cells can be placed together. Finally, the
battery must be rechargeable, so that the system can continue to reuse the same batteries.
Lithium ion batteries stand out amongst the many types of batteries as ideal for the ABC system,
due to a number of these factors. Lithium ion batteries have a high single-cell voltage and a high
energy density, with a much slower self-discharge than most other types of batteries available. A
single cell generally has a voltage of 3.6 volts, meaning that very few cells would be needed to
provide power to the system. They also have a self-discharge rate of between 0.35% to 2.5% per
month, meaning that they can last a very long time if not used at all, which means that they are
reliable at holding charge for a long period of time. The ability for the battery to be able to
recharge additionally opens up the opportunity for the main power supply to recharge the battery
backup when it isn’t in use, which could allow the user to almost never have to change the
14

battery, meaning continuous operation of the ABC system for a much longer lifetime. Compared
to other battery types, such as lead acid batteries, the lithium ion batteries also have the
advantage in size and weight, being considerably smaller and lighter, despite not having as high
of a cell voltage.
In order to know how much power needs to be supplied to the system, the following
equation can be used with DC supplies:
P = V*I,

(2)

where P is the power required per hour, V is the voltage supplied, and I is the current supplied
per hour. Each component will have a power requirement per hour, based off the voltage and
current draw that they need. For example, the motor power requirement can be calculated using
the following equation:
P = T*w,

(3)

where T is the torque produced by the motor and w is the rotational velocity in radians per
second. Most devices will have a current and voltage rating that power can be calculated from. In
addition to this, the power needed will vary as each device will not be in continuous operation,
but only when taking measurements or adjusting the system positioning. For example, the
temperature sensor will only draw power when a reading is requested from the microcontroller,
and thus will consume 0 power when not taking a reading. This is factored in to calculate how
often the device will operate on battery backup to determine the battery rating in order to provide
power for the course of a day. The following calculation can be used to determine how often the
system will be used:
X uses/day * x minutes/use * 1 hour/60 minutes = hours of usage per day.

(4)

By knowing the hours of usage per day, the current rating for each device in amp-hours can then
be used along with the voltage level required to determine the ratings required for the battery
pack in order to remain operational for an entire day without the main power source by
multiplying the power calculated for the device in Equation 2 by the hours of usage per day
found from Equation 4.
The circuitry to connect the motor and motor driver with one another will be provided in
the relevant data sheet for a selected motor and motor drive to ensure proper functionality.
Motors have varying amounts of wires necessary to connect, as some have four, six, or even
eight wires. The motor connection in this case will be for a bipolar stepper motor hybrid. This
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means that the motor has four leads, with two driving the clockwise direction, and two driving
the counterclockwise direction. These connect to the motor driver outputs of A0 and A1 and B0
and B1, which are sent high and low based on the direction bit and step bit commands from the
microcontroller. The driver in turn will be connected to the microcontroller and power supply as
listed in its respective data sheet. Similarly, the microcontroller, sensors, and communication
modules will have proper wiring connections in their respective data sheets.
2.2 Electronics (DB)
The Automated Blind Control system will be dependent on the use of electronics to
gather and distribute data to enable the system to analyze and make decisions. The electronics
that the A.B.C system will primarily be using are a few different sensors for gathering light and
temperature data and a microcontroller for the decision-making process and data storing. The
overall thought process when researching what components would be useful for this project
boiled down into several different requirements. The electronics that would be most beneficial
for this design would be physically small, powered by low DC voltage, output digital or analog
data for interpretation by the microcontroller, consume a low amount of power while in
operation and are low in purchasing costs. Further discussions in this section are below focusing
on the sensors that will be used for this project and the microcontroller discussion can be found
in the Embedded Systems portion of this report.
Regarding the sensors that may be used for this project, there isn’t much of a detailed
approach for applying engineering analysis to them, but more of a compare and contrasting of
different manufacturers and models that hit the general specifications above to see which fits the
needs of the project the best. In taking this approach, it was established that there are many
manufacturers that produce the electronics needed for this kind of project, but prior to the actual
wiring and pretests of the prototype, understanding how these electronics work and their inputs
and outputs is what must be finalized before purchasing.
The first example is the indoor temperature sensor needed to obtain the room temperature
and transmit that reading to the microcontroller. While researching, low cost and a small physical
size were the main filtering aspects. A few temperature sensors that have fulfilled those
requirements and seem to be providing the output range and temperature accuracy needed are the
LM35 Centigrade Temperature Sensor and the LM61 temperature sensor from Texas
Instruments. The LM35 temperature sensor comes as an 8-pin SOIC (small outline integrated
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circuit) which can be fitted onto a printed circuit board (PCB). This sensor operates on a DC
range from 4-30V, only uses 60µA of current when operating and costs less than $1 USD. Most
importantly, this type of sensor has a linear input temperature to output voltage scale that makes
the interpretation of data very easy. Per every degree in Celsius that the temperature sensor
reads, it outputs 10mV, such as if a room is 25°C (77° F) the sensor has an output of 250mV to
the microcontroller.
The LM61 is also a valuable choice as it is a 3-pin small outline transistor (SOT),
operates between 2.7-10V DC, draws 125µA current at maximum and is low in cost. The output
is still an analog voltage linear with 10mV per degree Celsius, however, there is an offset of
600mV. Therefore at 0°C, the output of the sensors would be near 600mV, considering the
product’s accuracy. With the analog voltage input to the microcontroller from either of these
sensors and proper programming with conversion equations, the data will be interpretated for
manipulation of the blinds as well as stored for reference for the system owner.
The next form of data that is to be gathered for the operation of this design is the outdoor
temperature. Ideally, obtaining the outdoor temperature similar to the indoor temperature would
be the primary choice for ease of the project’s operation. However, after more collaboration and
discussion, it was determined that using a physical sensor on the outside of a window would not
be logical. Providing power to the outdoor sensor and retrieving data from this sensor would
require a physical path between the sensor and the housing of the window blinds. This would
mean drilling through walls of the house to run wires to and from the outside and that is
unpractical.
After some discussion, it was determined that the best way to obtain the outside
temperature of the location where the A.B.C. system is installed would be taken care of in the
software side of this project. With the combination of programming and an onboard Wi-Fi
module in the housing of the A.B.C. system, the outdoor temperature would be obtained from the
user setting their zip code on the website of the A.B.C. The temperature will then be pulled from
an outside source and displayed on the webpage as well as used as a data input to the
microcontroller. More specifics about the software behind gathering the outside temperature data
will be discussed later in this report under the Computer Networks section.
The third main electronics portion of this project, specifically on the hardware side, is
obtaining the intensity of sunlight hitting the area of the window. Sunlight is a major contributor
17

to why people use their blinds for both visibility and energy saving reasons. Taking the intensity
of sunlight at the window is an important component of this project as it is a contributor in the
heating of a room during the winter, when blinds can be open, and keeping the room cool in the
summer, when blinds are closed. There are three ways of transferring heat: convection,
conduction, and radiation. Sunlight through windows into a room is a form of radiation heat
transfer. Radiation heat transfer is done not by the movement of particles through the air, but is
done by infrared waves propagating from the sun to the Earth’s surface. The absorption or
reflection of these waves on a surface is what causes heat to be transferred from the waves to the
bodies they hit (4). Infrared rays from the sun are in the wavelength range of 750nm to 2500nm,
visible light is in the range of 400-750nm and ultraviolet rays are in the range of 300-400nm.
Ultraviolet rays contribute more to damaging surfaces rather than providing heat transfer. UV
rays are what causes humans to obtain skin and/or eye damage when exposed without using the
proper protective gear such as sunglasses and sunscreen.
Knowing that sunlight will be a contributor in the operation of the A.B.C. system, it
becomes imperative that this data be gathered effectively for input into the microcontroller for
analysis. For this project, there are a few types of light sensors that can be utilized to obtain the
information we are looking for and they boil down into being passive or active components. The
difference between active and passive components is that active components need an external
power source to operate, such as an operational amplifier, whereas passive components do not
need an external power source, such as a resistor. An active sensor that would be useful for this
design would be the OPT101 Monolithic Photodiode and Single-Supply Transimpedance
Amplifier developed by Texas Instruments. This sensor can be used to obtain the kind of sunlight
rays that are hitting the window that the A.B.C. system is installed on. The OPT101 has a
spectral responsivity relationship between wavelength received and its output voltage. This
analog output voltage will be transmitted into the microcontroller and with the proper
programming, the data will be interpretated for manipulation of the blind system.
A passive component that can also be used for obtaining the light intensity data is a
photoresistor or LDR (light decreasing/dependent resistance). A photoresistor is a
photoconductive component where its resistance decreases as it is exposed to more light. With
relevance to this design, the LDR can be used in a voltage divider circuit between a rail voltage,
18

such as 5V DC, and ground with the output voltage taken from after the photoresistor to the
microcontroller. In testing, we can determine voltage output ranges that show if there are low,
medium, or high levels of light hitting the LDR. These ranges can then be programmed in the
A.B.C. and the voltage obtained from the photoresistor circuit output will tell the microcontroller
what kind of light intensity the window is receiving. This information will then be interpreted for
determining the positioning of the A.B.C. system.
The last signal that will be a part of the inputs of the system is the manual override input.
This manual override will simply be a switch or pushbutton that sends an analog voltage signal
to the microcontroller that indicates the user is locally at the A.B.C system and wishes to operate
the system manually. In the programming of the A.B.C system, this manual override will take
precedence over all current commands since it is at a higher desire than the other operations.
This pushbutton allows the user to change the position of their system at any time they are not
using the system’s web site. A three-position switch is a logical choice in hardware for this
manual override aspect that way the switch can either be used to lift the blinds, lower the blinds,
or not operate the blinds at all.
2.3 Signal Processing (DB/DN)
As seen in Figure 3 of the Hardware Level 2 Block Diagram, the data transmitted from
the inside temperature sensor will be an output of voltage, which is the form of analog data. For
the microcontroller to have the power to understand this data, it must be converted into digital
data. To do so, an analog-to-digital converter at the input of the microcontroller will be needed.
In order to make sure the microcontroller chosen satisfies our requirements, a max temperature
of about 110 degrees Fahrenheit, which is converted to about 43C°, was put into the below
equation from the temperature sensor. The temperature sensor operates in a range of -55° C to
150° C. The equation for the conversion to voltage is:
Vout =10mv/° C x T,
(5)
Where Vout is output voltage from the conversion, C is in degrees Celius, and T is the
temperature in degrees Celsius of the environment. This shows that 43° C would be 430
millivolts by multiplying 10mv by 43. For 430 to be represented digitally we would need at least
9 bits or 2^9 which is 512. This shows us that their needs to be at least 9 bits for the
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analog/digital converter. For simplicity of the microcontroller inputs, the output voltage of the
light sensor for this design will be required to be no higher than the bits needed to convert the
data from the temperature sensor. This will be obtained by either choosing the right active sensor
or adjusting the passive sensor circuitry to ensure low voltage outputs to the inputs of the
microcontroller. Further discussion of the microcontroller can be found later in this report in the
Embedded Systems section.
2.4 Communications (TK/DN)
Communications for this project are relatively straight forward. The system needs a
wireless communications protocol that allows for remote communications. In this application a
Wi-Fi based system will work for the desired needs, as the commands could come from virtually
anywhere with an Internet uplink. An ESP8266 module was found to be able to handle this type
of connection. The ESP8266 is a System on a Chip (Soc) manufactured by Espressif. It contains
a Tensilica L106 32-bit micro controller unit and a Wi-Fi transceiver. The ESP8266 must
support 802.11b protocol to allow for Internet communications to send data to our user
application. For the module to be powered, the voltage from Vdd will need to be converted to 3.3
volts instead of 5 volts. The Wi-Fi connection needed will be discussed in the Computer
Networks section (2.6) below. For the module to communicate with the microcontroller, UART
communications will be to be configured first. This includes setting the baud rate, which is
115200 for the ESP8266. The Wi Fi module should communicate with the main microcontroller
via a 2-wire serial communication. The ESP8266 interacts with the microcontroller on URART
using AT instructions. The microcontroller can send the ESP8266 a character string instruction
and the ESP will react based on predefined instruction set. The instruction set can be found
below in Reference [9] A depiction of this setup can be seen below in Figure 5. The main micro
controller must also interface with two motor controllers, both via serial communication. The
remaining temperature and light sensors communicate via serial or I2C.
2.5 Electromechanics (ML)
The system utilizes two motors and motor drivers to control the blind movement. In order
to raise and lower the blind assembly, one of the motors will spool the strings connecting each
slat. In order to do this, the motor must be capable of generating the required torque to overcome
gravity as well as lift the blinds to their maximum height. A motor capable of lifting the blind
assembly will also be capable of lowering it. In order to calculate the necessary torque, the force
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on the blinds downward due to gravity must be calculated. This can be done with the following
equation:
F = mg,

(6)

where F is the force exerted on the blinds by gravity, m is the mass of the blinds, and g is the
acceleration due to gravity. The torque produced by the motor must include a force greater than
the force exerted on the blinds due to gravity in order to lift the blinds. In order to calculate the
torque produced by the motor, the following equation can be used:
T = rF,

(7)

where T is the torque produced by the motor and r is the radius of the motor shaft. In order to
produce a higher torque, the radius can be increased using a gear ratio:
T2/T1 = n1/n2,

(8)

where T1 is the torque produced by the motor and T2 is the torque stepped up by the gear ratio.
The gear ratio is represented by n1/n2. The chosen motor must be able to handle torque greater
than the torque needed to oppose the force exerted by gravity on the blind assembly. This
holding torque will keep the blinds from falling when completely raised, though designing the
mechanical spool which holds the strings for the blinds could be done in order to hold the blinds
when the motor is not energized.
The motor must also be capable of lifting and lowering the assembly quickly. This can be
calculated by knowing the diameter of the shaft of the motor. With the diameter of the motor, the
circumference can be found using the equation:
C = πd,

(9)

where C is the circumference and d is the diameter. Using the circumference, it is possible to
calculate how fast the motor needs to rotate in order to lift the blinds up and down. By knowing
how fast the motor rotates, in revolution per minute, rpm, the distance the entire assembly moves
can be found. One revolution of the motor will move the string which lifts the blinds by a
distance equal to the circumference. Thus, the linear distance traveled over the course of a
minute can be calculated with the following equation:
y = Cw,

(10)

where y is the linear distance traveled and w is the speed in rpm. This speed can also be modified
with a gearbox, without raising the rpm, as described previously.
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While any type of motor can perform all of the above requirements, not all types of
motors are capable of fulfilling another important feature of the lateral motor: that it is easy to
know what position the blinds are at without additional hardware such as limit switches, which
would add additional complexity, cost, and power consumption. DC motors do not have any way
to determine how far they have traveled, however, there are a couple of options with motors in
order to do this, such as stepper motors and servo motors. Servo motors are generally used in
higher cost and higher performance motion implementations. This is due to the need for a
position sensor, typically an encoder, and an error amplifier, both of which increase complexity.
If rapid acceleration or high precision and accuracy were required, a servo motor would also be
advantageous, but as this is not the case, the simpler stepper motor provides all of the same
needs, such as the required accuracy, speed, and torque, but also typically for a lower price.
Stepper motors also move one step at a time, which allows it to determine how far it has rotated,
based on the number of steps per revolution. Each step can also be translated to an exact degree
angle, with some error factor. A stepper motor comes with the number of steps it has per
revolution, and the angle per step can be calculated using the following equation:
Angle = 360/(number of steps),

(11)

For example, a stepper motor that has 200 steps per revolution would take a step of 1.8
degrees each time it receives power. Many stepper motors also have the option to take half-steps,
or quarter-steps as well, which can be controlled by the motor driver based on inputs from the
microcontroller. These divisions of the steps can allow stepper motors to reach even higher
accuracy, which is beneficial to controlling the blind slats to specific angles.
The rotational motor uses similar principles; however, the motor does not need to
produce torque to combat the force of gravity. Therefore, the important equations for the
rotational motor are the linear speed and the angles available based on the steps provided by the
stepper motor.
Both the rotational and the lateral motors require a separate motor driver in order to
ensure that they operate as desired and aren’t overloaded with current. Some features of the
motor drivers that need to be considered are the operating voltage range of the motor, the max
continuous current per phase, and the micro-step resolutions available. The motor drivers must
match to the motors being used and must be able to be wired together with the motor properly as
described by the motor chosen. Another important feature when choosing the motor drivers is
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that they can communicate with the microcontroller and have a simple interface with it. Ideally, a
serial communication from the microcontroller to the motor drivers would allow for a simple
interface that can provide all the necessary information to pass back and forth between the
drivers and the microcontroller such that the drivers direct the motors as desired by the
microcontroller and the drivers provide the microcontroller with accurate position data. In order
to conserve power, the motor drivers will also have to handle low power motors.
2.6 Computer Networks (TK/DN)
With Wi-Fi chosen as the communication protocol used to interface to the internet, the
system will communicate via Wi-Fi module to a local router. This router should have access to
an Internet uplink. This allows for commands to be sent from any device via website. This allows
for data to me sent from the Wi-Fi module to the router or the Internet to the Router. The Wi Fi
router acts as the gateway from one system to another. There will be a web application that will
be the source on the internet receiving the information from the Wi-Fi module. A preliminary
version of the webpage can be seen below in Figure 12. On the webapp, users can see the most
recent state the system was in as well as last sampled temperature and light values. The system
should be able to send the sensor information to a computer on the local network. The main send
and receive functions can be seen in Figure 09. This PC can then compile the sensor data and
store it in a database. The database will then be able to be view up to a certain day on the web
application. The framework of the application and a choice of web service will be used to run the
application. Explored solutions currently include using Python Flask to write a web API. This
API will be configured from the ESP8266 in HTML. This will then be displayed in format
suitable for a web browser. In order to obtain the outside temperature, a weather API will be
used. A website called OpenWeather allows for users to create an account and get a personal key
that can be used to call to the website, and it will send back the needed information for the
desired zip code. This weather API was chosen because of its easy ability to grab the current
weather data for free. This was an easier method then an outside sensor once we were able to
learn that we could obtain the temperature online and because we were not looking for the exact
temperature right outside a window. IEEE 802.11b will be used as the network standard for this
system.
2.7 Embedded Systems (TK/DN)
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An embedded system must be developed to satisfy the following needs. First a
microprocessor must be used to process signals from temperature, infrared and light sensors.
These sensors are analog, so the need of a minimum 3 channel A/D convertor is needed. In the
previous section it was proven that a 10-bit A/D convertor will be enough to satisfy the needed
conversions. The microcontroller must also be able to interface with two motor controllers as
well as have support to communicate with a Wi Fi module. The ability to send data over serial
communication as well as I2C is mandatory. A minimum of 7 IO ports are needed. A low power
processor is also important, as the battery system will only power a high draw system for a brief
period. A microchip with a sleep mode would be ideal since the system sits idle for most of the
day. In normal operation, the system only wakes up twice an hour in the 16-hour window,
adjusts the system, and goes back to sleep. Surveying various projects of a similar degree, a 16bit micro controller is needed with a minimum of 50KB program storage. The microcontroller
will be programed using MPLab XIDE, which is based on the open-source NetBeans platform.

3.0 Engineering Requirements Specification (DB, TK, ML, DN)
Table 1: System Engineering Requirement Table
Marketing
Requirements
1,2

1

1

3

Engineering Requirements

Justification

System will communicate
wirelessly with external
devices and be controlled via
the Internet.

Wireless communication between user and
the A.B.C. system enables hands free control
and access from anywhere outside of the
physical location of the system and is based
on the functionality of commercially available
WIFI modules.
This is based on commercial stepper motor
ratings for speed and step count per rotation.

Blinds assembly will raise
and lower via motor control
within 1 minute.
Individual blind slats will
rotate via motor control in
less than 5 seconds, in less
than 15-degree increments.
System will measure inside
and outside temperature
every half-hour in a 16-hour
window (6am-10pm).

This is based on commercial stepper motor
ratings for speed and step count per rotation.

Controlling the sunlight entering a room
contributes to the heat transfer between the
room and the outdoors. Depending on
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difference between indoor and outdoor
temperature, the blinds should adjust.
3
System will measure sunlight Infrared and UV rays from the sun are most
intensity with focus on
damaging to the Earth’s surface and to human
infrared and UV wavelengths eyes and skin and are all contained within this
in the range of 250-1000nm. range of wavelengths on the light spectrum.
3
Based on season, system will Limiting or allowing sunlight to enter a room
open or close blinds to
will contribute to the heat transfer through the
minimize or maximize
window during months where the room is
sunlight in room to conserve desired to be cooler, such as summer, and
energy costs.
months where it is desired warmer, such as
winter.
1
System will contain battery
User remains in control of A.B.C. system
backup for minimum 16
even if home power is disconnected for at
hours of operation time in
least one full day of operation, which is 16
case of outlet power loss.
hours.
4,5
System position and sensor
Knowing current data of the A.B.C. system
values will be displayed on a will allow the user to manipulate the system if
web application with a
desired as well as adjust future settings based
precision of 1 decimal point. on current information. The display should be
accurate to the actual data without being
overwhelming for the user.
4
System will allow the user to Manual override is pertinent to allow the user
fully raise or lower the blind to have total control of the system at any
assembly via a switch or
desirable time.
pushbutton.
5
System will store light,
Data will be accessible by the user to adjust
temperature, and time data
future settings and action taken by the
after each measurement for
autonomous system.
user reference.
Marketing Requirements
1. User can have hands free control of the blinds.
2. Blinds control is accessible from anywhere with internet connection.
3. Blinds system is adaptive for seasonal and daylight changes to provide home energy
cost savings.
4. User has the ability for personalized control over blinds system.
5. System stores light and temperature data and keeps record of blind activity.

4.0 Engineering Standards Specification (DB,TK,ML,DN)
4.1 Safety
ANSI/WCMA A100.1-2018
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IEC 62061
UL 50
NFPA 70
4.2 Communication
IEEE 802.11
I2C
Serial
4.3 Data Formats
ISO 8601
4.4 Design Methods
MPLab XIDE
4.5 Programming Languages
NetBeans
HTML
CSS
SQL
Python
4.6 Connector Standards
NEMA 5-15P

5.0 Accepted Technical Design
5.1 Hardware Design (DB,ML)
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Figure 1: System Level 0 Block Diagram

Table 2: System Level 0 Block Diagram Functional Requirement Table
Module
Designers

Inputs

Automated Window Blinds
W. Daulton Baksa, Tim Kurczewski, Matthew Lacek, Daniel
Nahra
Sunlight: Infrared and visible light waves from the sun
Inside Temperature: Temperature measured inside the building
Outside Temperature: Temperature measured outside the building
User Settings: User choice for open/close for desired times,
seasonal operation, and manual open/close

Outputs

Blind Operation: Blinds move to desired position based on
automatic or manual inputs
Battery Backup: Secondary power supply that activates when
main power supply fails

Functionality

Automated light shade for a window. Allows users to choose
operating mode with wireless control.

Figure 2: Hardware Level 1 Block Diagram
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Table 3: Hardware Level 1 Block Diagram Functional Requirement Table
Module
Input
Output
Functionality

Module
Input

Output

Light Sensor
Sunlight intensity and wavelengths in nanometers
Voltage signal corresponding to input
Obtain incoming sunlight and interpret it into an output
electronic signal for the microcontroller

Temperature Sensor

Temperature in degrees Celsius
Voltage signal corresponding to input

Functionality

Obtain inside and outside temperatures and interpret them into
output electronic signals for the microcontroller

Module

System Web Page

Input

User settings and system’s area code location

Output

Status of the system and outdoor temperature

Functionality

Module

Main source of controlling the system as well as displaying
current system data to the user

Communication Module
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Input

User commands from wireless external device and data from
microcontroller

Output

Data sent to microcontroller and data sent to user application.

Functionality

Allows user to send commands to the system via a wireless
connection to the microcontroller, as well as send data back to
user from the microcontroller

Module

Microcontroller

Input

Digital signals from sensor modules, motor drivers, and
communication module

Output

Signals to motor drivers and communication module for blind
positioning and data storage. Waking sensors to read data.

Functionality

Reads and writes commands to all modules in the system and
makes the logic decisions for blind positioning based from
signal inputs

Module

Motor Controllers

Input

Position signals from microcontroller for lateral and rotational
motors

Output

Voltage and current supply to motors and position signal to
microcontroller

Functionality

Sends signals and power to the motors to reach desired
positioning as well as sending signals to microcontroller to let
microcontroller know the current system position

Module

Rotational Motor

Input

Current and voltage from motor controller
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Output
Functionality

Motor shaft rotation

Turns the blind slats to desired angle

Module
Input
Output
Functionality

Lateral Motor
Current and voltage from motor controller
Motor shaft rotation
Raises and lowers blind assembly to desired height

Module
Input
Output
Functionality

Module
Input
Output
Functionality

Battery Backup
120 V AC power supply through AC-DC conversion
Power needed to power system when main supply fails
In the event that the main power supply is not on, battery
backup will provide a limited period of power to the system

120V Power Supply
120V, 60Hz AC voltage from standard US wall outlet
DC voltage to system.
Normal/main power supply to the entire system.
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Figure 3: Hardware Level 2 Block Diagram

Table 4: Hardware Level 2 Block Diagram Functional Requirement Table
Module
Input
Output
Functionality

Module
Input

Sunlight Sensor
Sunlight infrared and UV wavelengths in nanometers
ranging from 250-1000nm
Voltage signal corresponding to infrared and UV
wavelength input
Obtain incoming sunlight and interpret it into an output
electronic signal for the microcontroller

Inside Temperature Sensor

Room temperature in degrees Celsius
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Output
Functionality

Module
Input
Output
Functionality

Voltage signal (10mV per °C) corresponding to input i.e.
25°C = 250 mV output
Obtain inside room temperatures and output electronic
signals for the microcontroller interpretation.

Outdoor Temperature
Temperature in degrees Fahrenheit from internet

Temperature value as digital data
Obtain outside temperature and interpret them into output
electronic signals for the microcontroller.

Module
Input

Output

Functionality

Module

WIFI Module
User commands from wireless application and data from
microcontroller.
Data from user’s web application is uploaded to
microcontroller. Data from microcontroller is uploaded to
user’s web application for storage.
Allows user to send commands to the system via a wireless
connection to the microcontroller, as well as send data back
to user from the microcontroller

Manual Pushbutton

Input

ON or OFF position (logic 0 or 1)

Output

High or Low digital voltage signal

Functionality

Allows for manual override of the system at the system’s
direct location that takes precedence over other input signals
and decision making.
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Module

Input

Output

Functionality

Module
Input

Microcontroller
Inside and outside temperature, sunlight intensity, web
application control, manual pushbutton control, motor driver
lateral position and motor driver rotational position
Wakes sensors for data gathering, wakes Wi-Fi module for
data transmitting and receiving, energizes motor drivers for
motor operation and blind positioning.
Performs logic decisions based on input data for optimal
blind positioning and transmits recorded data to user
application.

Hybrid Bipolar Stepper Motor Driver for Rotational Motor
Position signal from microcontroller for the rotational
motor.

Output

Voltage and current supply to motor until desired number of
steps have been completed and position signal of the motor
to microcontroller.

Functionality

Sends signals and power to the motor to reach desired
positioning as well as sending signals to microcontroller to
let microcontroller know the current system position.

Module

Input

Hybrid Bipolar Stepper Motor Driver for Lateral Motor
Position signal from microcontroller for the lateral motor.

Output

Voltage and current supply to motor until desired number of
steps have been completed and position signal of the motor
to microcontroller.

Functionality

Sends signals and power to the motor to reach desired
positioning as well as sending signals to microcontroller to
let microcontroller know the current system position.
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Module
Input

Output

Functionality

Rotational Motor
Current and voltage from motor controller.
Motor shaft rotation number of steps with each step
equivalent to 1.8 degrees with precision of at least 15
degrees
Rotates the blind slats to desired angle in ? degree
increments.

Module
Input
Output
Functionality

Module
Input
Output

Lateral Motor
Current and voltage from motor controller.
Motor shaft rotation with torque of at least 5 mNm to lift or
lower the blind assembly in under a minute.
Raises and lowers full blind assembly to desired height
within the entire length of the window.

Uninterruptable Power Supply
12V DC from main power supply
14.4 V DC and 3.5 Ah current from Lithium Ion Batteries

Functionality

When the main power supply is no longer powering the
system, the UPS switches power to the battery backup until
main power returns.

Module

Lithium Ion Batteries

Input

4 standard 3.70V DC per cell batteries connected in series.
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Output

Functionality

14.4 V DC with 3.5Ah of supply power as the backup
power system for a 16 hour duration.
Provides enough power for the system over the course of a
16 hour period during which the main power supply is
unavailable.

Module
Input
Output
Functionality

120V Power Supply
120V, 60Hz AC voltage from standard US wall outlet
DC voltage to system
Normal/main power supply to the entire system.

Module
Input
Output
Functionality

Module
Input
Output
Functionality

AC/DC Converter
120 V AC, 60 Hz Voltage
12V DC primary rail voltage
Takes the AC voltage from the outlet and converts it to a
lower DC voltage for powering the system

Regulator
Unstable fluctuating DC voltage from the AC/DC converter.
12V DC voltage at a steady rate.
To ensure that the DC input voltage remains consistent for
necessary system power.
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Figure 4: Temperature Sensor Schematic
Description: The temperature sensor receives 5 V input and a ground pin. It reads the
temperature and outputs a voltage signal to the microcontroller which is interpreted using A/D
conversion on the microcontroller.

Figure 5: Light Sensor Schematic
Description: The light sensor receives 5 V input and a ground pin with pins 3,4,5, and 8 wired as
shown. It absorbs the light against the window and outputs a voltage signal to the
microcontroller which is interpreted using A/D conversion on the microcontroller.
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Figure 6: Manual Pushbutton Override Schematic
Description: The manual pushbutton signals to the microcontroller when the user presses the
pushbutton by driving the ManualOp pin high. A pull-down resistor keeps the signal low when
the push-button is not pressed.

Figure 7: Wi-Fi Module Schematic
Description: The Wi-Fi module recieves a 3.3 V power supply and communicates with the
microcontroller via UART communication.
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Figure 8: Motor Controller Schematic
Description: The Motor Controller receives input signals from the microcontroller for STEP,
SLEEP, and DIR, as well as for microstepping with the MS1 and MS2 signals. The motor
controller recieves the input main power rail, and provides the appropriate voltage and current
necessary to drive the bipolar stepper motor from the main power rail using Sense resistors to
limit the current. This circuit will be applicable for both the horizontal and vertical motor
controllers.
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Figure 9: Microcontroller Schematic
Description: The microcontroller connects to each of the other devices. It sends out high signals
determining when the motors rotate based off of the STEP, DIR, and SLEEP pins on the motor
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controller. The microcontroller also reads signals from each sensor and communicates via
UART protocol with the Wi-Fi module.

Figure 10: UPS and Rail Voltage Schematic
Description: The uninterruptable power supply will consist of (4) 3.7V, 3.5AH lithium-ion
batteries in series that will be trickle charged via the voltage output of the wall wart. This
charging will be monitored by a protection IC and the output voltage of the batteries will be
regulated via the 7812T regulator. The 3.3V and 5V rails needed throughout the system will be
established by DC-DC converters taken from the main 12V rail.

5.2 Software Design (TK,DN)

Figure 11: Software Level 1 Flow Chart
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Description: The microcontroller will be receiving values from the Temperature and
Light Sensor where then their data values can be converted and then understood by the
controller. Once the microcontroller decides if it needs to do anything, it will send move
commands to the motor controllers that have access to the motors to open, close, raise or lower
the blinds. Then the microcontroller will also send the data and the position of the blinds to the
User Application that will have a data storing system so the user can view data from previous
days. The user can then also send commands that will be taken by the controller to change the
motors if needed. Finally, if a manual Button is pushed then the microcontroller will decide if it
needs to change the position or not. (DN)

Figure 12: Software Level 2 Flow Chart

Description: The microcontroller sends messages to the User App through a Wi-FiModule. The temperature and light sensors have also been separated. The microcontroller also
sends messages to two motor controllers now instead of just one. One motor controller for
up/down movement, and one controller for rotational movement of the blinds. (TK)

Table 5: Software Level 2 Functional Requirement Table
Module

Input

Output
Rotates blind position between
OPEN, CLOSED, and 45 OPEN
(5V signal )

Rotational Motor Rotation Commands
Controller
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UP/DOWN
Motor
Controller

Movement Commands from
microcontroller

Moves blinds UP or DOWN
Blinds must be in closed position
to operate
(5V signal )
Sends movement commands to
motor controllers
(5V Signal )

Temperature value (Analog )
Light Level Value (Analog )
Outside Temperature value from User App
Microcontroller
User requested Movement commands from
Sends current state to User App
User App
Sends temperature and sensor
values to User App
Inside
Sends temperature value to
Temperature Temperature level is measured on device microcontroller
Probe
Light Sensor

Light Value measured from window
pointing outside

Sends light level value to
microcontroller

Infrared radiation measured from window
Infrared Light
Sends infrared value to
pointing outside
Sensor
microcontroller

User App

Current position of blinds
•
Up/Down Displayed
•
Closed/Open Displayed
Current Sensor Values
- Inside Light Value Displayed
- Inside Temperature Value Displayed
- Infrared Light Value Displayed
User interacts and can click buttons on
screen to change system state

Manual
Operation
Buttons

Process signal from button

Database

Timestamped Data from User App
Light, Temp, Infrared values

Sends movement commands to
microcontroller
Sends Data
to Database (every 30 minutes)

Send electrical signal
to microcontroller (5V )

Commands from User App
Wi-Fi Module Data from microcontroller
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View database data from a
laptop or other device with
internet access
Data sent to Microcontroller
Data sent to User App

Figure 13: System State Machine Diagram
Description: The system will have 4 main states: Blind up, Blind Down, Blind Open and Blind
Close. The blind will make incremental steps in between open and close. The blind will only open
or close if it is down first. And the Blind can only go to the Up position of the blind slats are in
the open position. (TK)
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Figure 14: UP/DOWN Motor Controller Flow Diagram
Description: Main motor movement decision making. The microcontroller will process the input
from webpage, then call lower or raise commands to move the blind accordingly.
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Figure 15: Blind Rotation Motor Controller Flow Diagram
Description: When ABC receives a request from webapp asking for blind rotation

Figure 16: Blind Full Open Flow Diagram
Description: When ABC receives an open request from webapp
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Figure 17: Blind Full Close Flow Diagram
Description: When ABC receives a close request from webapp

Figure 18: System Operational Diagram
Description: Main decision-making diagram describing autonomous operation.
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Figure 19: Web App Preliminary Depiction
Description: A simple web interface allows the user to send commands to the ABC system. The
webapp will also display the last known position of the system, as well as the last recorded
temperature and light intensity.
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Figure 20: Wi-Fi Initialize Flow Chart
Description: To communicate with the ESP8266, UART communications must be initialized.
Then the ESP needs to connect to an Access Point, enable multiple connections, and then start
the webpage.

49

Figure 21: Wi-Fi Communications Flow Chart
Description: The Wi-Fi module receives a string of characters from the microcontroller,
processes it as a HTML page and displays it at the IP address. The Wi-Fi module sends requests
back from the webpage to the microcontroller for input.
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Figure 22: Wi-Fi Main.C Code
Description: The microcontroller is started, UART enabled, and calls to start the ESP8266.
LEDs flash to show signal, and the main loop sends and receives page.
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Figure 23: ESP.H Part 01
Description: Main ESP file to define all functions. Reference comments in code
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Figure 24: ESP.H Part 02
Description: Starts UART2 for communication with ESP8266
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Figure 25: ESP.H Part 03
Description: More functions defined
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Figure 26: ESP.H Part 04
Description: More Functions defined
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Figure 27: ESP.H Part 05
Description: More Functions defined
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Figure 28: ESP.H Part 06
Description: More Functions defined

57

Figure 29: ESP.H Part 07
Description: More Functions defined
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Figure 30: ESP.H Part 08
Description: More Functions defined
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Figure 31: ESP.H Part 09
Description: Main send and receive page functions
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Figure 32: ESP.H Part 10
Description: StartESP() is called in Main to start ESP8266
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Figure 33: Motor_Control_Test.C
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Description: The motor controller demo code sets the clock and declares a function to have a
millisecond delay time with an input for how long that should be. Then, the system initializes
each of the TRISA bits to output to the motor controller. The sleep bit had to be driven high, and
the enable and reset pins driven low to ensure that the motor would run. Then, for full step
operation, M1 and M0 are set to low and the direction bit was set high. Finally, to rotate at 60
rpm, the step bit is set high for 4 ms, followed by an off time with the step bit set low for 1 ms.
This results in the stepper motor running at 60 rpm continuously.

Figure 34: Temp Sensor Demo.c Part 01
Description: Includes and Functions for LCD
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Figure 35: Temp Sensor Demo.c Part 02
Description: Functions for LCD
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Figure 36:Temp Sensor Demo.c Part 03
Description: Functions for ADC
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Figure 37: Temp Sensor Demo.c Part 04
Description: Initialize ADC converter
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Figure 38: Temp Sensor Demo.c Part 05
Description: Main that changes Celsius to Fahrenheit and displays on LCD
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6.0 Mechanical Sketch (DB,TK)
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W. Daulton Baksa (DB), Electrical Engineering.
Tim Kurczewski (TK), Computer Engineering.
Matthew Lacek (ML), Electrical Engineering.
Daniel Nahra (DN), Computer Engineering.

8.0 Parts List (DB,TK,ML,DN)
8.1 Part Specifications

Qt

Reference Designators

Part Number

Description

1

WIFIMODULE

ESP8266 ESP-01

1

MCNTRLR

PIC24FJ128GA010-I/PF

1
2

D3
VR1,VR3,VR4

SFH482
COM-09288

Wifi Serial Transciever
Module
Microchip 16 bit
Microcontroller
Green LED
Potentiometer Resistor
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2

DC1

VA-1205S1.5

2

DC2

VA-123R3S1.5

8

B1,B2,B3,B4

LG MJ1 INR 18650

1
2
1

BP1
MC1,MC2
POWER JACK

S-8205AAB-TCT1U
A4982SETTR-T
PRT-10288

1
1

D1
12V-REG

1N4007
L7812C

1

LS

OPT101PG4

4
2
2
8
2
1
1
12

R2,R3
R1
R4
R6,R7,R8,R9,R10,R12,R13,R14
R16,R17
R18
R15
C2,C4,C6,C7C8,C10,C11,C12,C13

General
General
General
General
General
General
General
General

1
4

C9
C1,C5

General
General

2
4
1
1

C3
CHG,DSG
MPB
TS

General
2N7002ET1G
TTONC&K_KSS
TMP36GT9Z

1.5W, 12V-5V, single
output DC-DC
converter
1.5W, 12V-3.3V, single
output DC-DC
converter
3500mAh 3.7V Li-ion
Battery
Battery Protection IC
Bipolar Motor Driver
Terminal Adapter,
2.1mm Jack to 2 Pos
Terminal
Diode
Positive Voltage
Regulator
Monolithic Photodiode
Transimpedance
Amplifier
2.4 Resisitor
5 k Resistor
825 k Resistor
1 k Resistor
5.1 k Resistor
1 M Resistor
100 Resistor
0.1uF Ceramic
Capacitor
1 uF Ceramic Capacitor
0.22 uF Ceramic
Capacitor
100 uF Bulk Capacitor
N-Channel 60V 260mA
Manual Pushbutton
Temperature Sensor

8.2 Bill of Materials

Qt

Part Number

Description

1

ESP8266 ESP-01

1

PIC24FJ128GA010-I/PF

Wifi Serial
Transciever
Module
Microchip 16 bit
Microcontroller
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Unit Cost

Total Cost
$5.99

$5.99

$4.75

$4.75

8

LG MJ1 INR 18650

1

S-8205AAB-TCT1U

1

SB017

2

1207

1

L6R12-120

1

PA0067-KIT

1

PA0067

2

A4982SETTR-T

1

PRT-10288

2
1

1N4007
L7812C

1

OPT101PG4

4
2
2
8
2
1
1
12

General
General
General
General
General
General
General
General

1

General

4

General

2

General

4

2N7002ET1G

3500mAh 3.7V Liion Battery
Battery Protection
IC
House Blinds
(Alabaster Color)
Pololu Bipolar
Stepper Motor
AC/DC Wall
Mount Adapter
12V, 12W
QFN-32 (0.5 mm
pitch, 5x5 mm
body) PCB and
Stencil Kit
QFN-32 TO DIP-32
SMT ADAPTER
Bipolar Motor
Driver
Terminal Adapter,
2.1mm Jack to 2
Pos Terminal
Diode
Positive Voltage
Regulator
Monolithic
Photodiode
Transimpedance
Amplifier
2.2 ohm Resistors
5 kohm Resistor
825 kohm resistor
1 k Resistors
5.1 k Resistors
1 M Resistor
100 Resistors
0.1 u Ceramic
Capacitors
1 u Ceramic
Capacitor
0.22 u Ceramic
Capacitors
100 u bulk
capacitor
N-Channel 60V
260mA
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$5.35

$42.80

$1.47

$1.47

$14.43

$14.43

$13.81

$27.62

$7.58

$7.58

$26.79

$26.79

$8.39

$8.39

$3.18

$6.36

$2.95

$2.95

EE Stock
EE Stock

$$-

$7.35

$7.35

EE Stock
EE Stock
EE Stock
EE Stock
EE Stock
EE Stock
EE Stock
EE Stock

$$$$$$$$-

EE Stock

$-

EE Stock

$-

EE Stock

$-

$0.18

$0.72

1

TMP36GT9Z

Temperature
Sensor

$1.48

$1.48

9.0 Project Schedules (DN)
Midterm Design Gantt:
Task Name

SDP I 2020
Project Design
Midterm Report
Cover page
T of C, L of T, L of F
Problem Statement
Need
Objective
Background
Marketing Requirements
Engineering Requirements
Specification
Engineering Analysis
Circuits (DC, AC, Power, …)
Inside Temp Sensor
Light Sensor
Infared Light Sensor
Batterys

Electronics (analog and
digital)

Durati
on

Start

Finish

98
days?
40.38
days
40
days
40
days
40
days
40
days
40
days
40
days
40
days
40
days
34
days
34
days
33.38
days
33.38
days
33.38
days
33.38
days

Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20

Wed
12/2/20
Mon
10/5/20
Mon 10/5/20

34
days

Wed
8/26/20

Tue 9/29/20
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Predecessors

Resource Names

Mon 10/5/20
Mon
10/5/20
Mon 10/5/20

All

Mon 10/5/20

All

Mon 10/5/20

All

Mon 10/5/20

All

Mon 10/5/20

All

Tue 9/29/20
Tue 9/29/20
Mon 9/28/20

Daulton Baksa

Mon 9/28/20

Daulton Baksa

Mon 9/28/20

Daulton Baksa

Mon 9/28/20

Daulton
Baksa,Matt
Lacek

Battery Charger( BMS )

33.38
days

Wed
8/26/20

Mon 9/28/20

Solor Panel

33.38
days

Wed
8/26/20

Mon 9/28/20

34
days
33.38
days

Wed
8/26/20
Wed
8/26/20

Tue 9/29/20

34
days
33.38
days
32.38
days
34
days
33.38
days
34
days
33.38
days

Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20

Tue 9/29/20

33.38
days
33.38
days
33.38
days
33.38
days
40
days
40
days
40
days
40
days
40
days

Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20
Wed
8/26/20

Mon
9/28/20
Mon 9/28/20

40
days

Wed
8/26/20

Signal Processing
Sensor communcation to
MicroController
Communications (analog
and digital)
Wifi Communcation
Sensor Data to database
Electromechanics
Motor (Lateral and
Horizontal Movement)
Computer Networks
Web Application

Embedded Systems
Microcontroller
Motor Controller
Wifi Module
Accepted Technical Design
Mechanical Sketch
Team information
Project Schedules
Midterm Design Gantt Chart

References
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Mon 9/28/20

Daulton
Baksa,Matt
Lacek
Daniel
Nahra,Daulton
Baksa

Tim
Kurczewski,Da
niel Nahra

Mon 9/28/20

Daniel Nahra

Mon 9/28/20

Daniel Nahra

Tue 9/29/20
Mon 9/28/20

Matt Lacek

Tue 9/29/20
Mon 9/28/20

Tue 9/29/20
Tue 9/29/20

Daniel
Nahra,Tim
Kurczewski

Tim
Kurczewski
Matt Lacek
Tim
Kurczewski

Mon
10/5/20
Mon 10/5/20
Mon 10/5/20

All

Mon
10/5/20
Mon 10/5/20

Daniel Nahra

Mon 10/5/20

All

Midterm Parts Request Form
Midterm Design Presentations
Day 1
Midterm Design Presentations
Day 2

47
days
0
days
0
days

Wed
8/26/20
Wed
9/30/20
Wed
10/7/20

Mon
10/12/20
Wed 9/30/20

Duration

Start

Finish

14 days

Wed
11/18/20
Tue
10/6/20
Tue
10/6/20

Wed
12/2/20
Wed
11/25/20
Mon
11/23/20

51.38
days?
51.38
days
51.38
days
51.38
days
51.38
days
51.38
days
51.38
days
51.38
days
51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20

51.38
days
51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20
Wed
11/25/20

Wed 10/7/20

Final Design Gantt:
Task Name

Project
Poster
Final Design Report
Abstract

Hardware Design: Phase 2
Modules 1…n
Motors
Research/ Testing
Implementation
Uninterruptable Power
Supply
Design
Sensors
Temperature Sensor
Design

Implementation
Light Sensor
Design

50 days
48 days
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Predecessors

Resource Names

Matt Lacek,
Daulton Baksa,
Tim
Kurczewski

Matt Lacek
Matt Lacek

Daulton Baksa

Daulton
Baksa,Daniel
Nahra
Daniel Nahra

Daulton Baksa

Implementation

51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20

51.38
days
51.38
days
51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20
Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20
Wed
11/25/20
Wed
11/25/20

51.38
days
51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20
Wed
11/25/20

51.38
days
51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20
Wed
11/25/20

51.38
days

Mon
10/5/20

Wed
11/25/20

51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20

Materials Budget list

51.38
days

Mon
10/5/20

Wed
11/25/20

Proposed Implementation
Gantt Chart
Conclusions and
Recommendations

51.38
days
51.38
days

Mon
10/5/20
Mon
10/5/20

Wed
11/25/20
Wed
11/25/20

Schematics

Software Design: Phase 2
Modules 1…n
Website
Design

Implementation
Wifi Module
Design

Implementation
PIC Microcontroller
Design

System integration
Behavior Models
Parts Lists
Parts list(s) for Schematics
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Daulton Baksa
Daulton
Baksa,Matt
Lacek,Tim
Kurczewski

Tim
Kurczewski,Da
niel Nahra
Tim
Kurczewski

Daniel
Nahra,Tim
Kurczewski
Tim
Kurczewski

Daniel
Nahra,Tim
Kurczewski
Daniel
Nahra,Tim
Kurczewski

Tim
Kurczewski,Da
ulton
Baksa,Matt
Lacek
Matt
Lacek,Tim
Kurczewski

Daniel
Nahra,Daulton
Baksa,Matt

Lacek,Tim
Kurczewski
Final Parts Request Form

13 days

Subsystems Demonstrations
Day 1
Subsystems Demonstrations
Day 2
Parts Request Form for Spring
Semester

0 days
0 days
9 days

Sun
10/11/20
Tue
11/10/20
Tue
11/17/20
Mon
11/23/20

Sat
10/24/20
Tue
11/10/20
Tue
11/17/20
Wed
12/2/20

10.0 Conclusions and Recommendations (DB, TK, ML, DN)
From our preliminary research and engineering analysis, we propose a viable and realistic
solution to fully automating a window blind slat-style covering. The understanding of sunlight
data received is still in the development stage as well to help specify what the microcontroller is
looking for when analyzing the output of the light sensor. So far, proof of concept has been
shown through the ability to turn a motor with the microcontroller, read in temperature and light
sensor values, and control an LED from the web application. The next phases of this project will
be realizing this design using parts shown earlier and creating the logic so that the A.B.C system
will make decisions based on the inputs. A printed circuit board of all hardware will also be
created. At the end of next semester, a functioning prototype combining all subsystems will be
delivered.
(More conclusion & recommendations will be added once the project has been completed.)
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12.0 Appendices (DB,TK,ML,DN)
(More appendices will be added once the project has been completed.)

Figure 39: Bipolar Stepper Motor Schematic Wiring Diagram

Figure 40: Indoor Temperature Sensor Power/Output
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Figure 41: ESP8266 AT Test Command

Figure 42: Set ESP8266 Mode
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Figure 43: ESP8266 Connect to Access Point AT Command
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Figure 44: Multiple Connection AT Command
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